Over the past decade, the Cryogenic Dark Matter Search (CDMS II) experiment has provided world-leading sensitivity for the direct detection of Weakly Interacting Massive Particle (WIMP) dark matter. This presentation will discuss the results from the analysis of the complete CDMS II Ge data set in which two nuclear-recoil events where seen with an expected background of 0.9 ± 0.2 events. Although this does not constitute statistically significant evidence for a WIMP signal the CDMS II data is able to place strong constraints on the WIMP-nucleon spin-independent scattering cross-section for a wide range of WIMP masses, excluded new parameter space in inelastic dark matter models as well as exclude parameter space for for other hypothesized dark matter models. The present status and future plans for the followup SuperCDMS experiment will also be discussed.
The CDMS II Experiment
The Cryogenic Dark Matter Search (CDMS) II experiment is designed to detect evidence of non-baryonic dark matter [1, 2] via the direct interaction of the dark matter particles in the galactic halo with detector nuclei. Under the assumption that the properties if dark matter particles are described by supersymmetric extensions to the Standard Model (SUSY) as a generic class of particles having a mass in range of few GeV /c 2 − −TeV /c 2 and a very low scattering cross-section with Standard Model (WIMPs) [3] their recoil energy spectrum with terrestrial detectors is given by Equation 1.1 [3, 4] :
where ρ 0 is the WIMP density in the local neighborhood within the galactic halo, σ 0 is the elastic scattering cross-section between the WIMP and nucleus, m r is the WIMP-nucleus reduced mass: m r = m χ m N m χ +m N , F(Q) is the nuclear form factor, and T (Q) is the integral of WIMP local velocity distribution. For spin-independent scattering, σ 0 is approximately proportional to the WIMPproton scattering cross-section σ χ−p : σ 0 ∝ A 2 σ χ−p . This relationship emphasizes the dependence of the interaction rate on the size of the nucleus A.
The resulting spectrum is roughly exponential, with a mean recoil energy in the tens of keV and event rates of less than 10 −4 events/kg/keV/day. The expected signal rate is orders orders of magnitude lower than the background rates achieved in the cleanest detector materials, typically ≤ 1 event/kg/keV/day, therefore the ability to distinguish potential signal events from background interactions is essential for the success of a direct detection experiment.
Background Discrimination
The CDMS II experiment uses semiconducting Ge as well as Si crystals as the dark matter detectors [5] . A fraction of the energy deposited by an interaction results in the creation of electronhole pairs, with the remainder of the energy creating a population of high frequency athermal phonons. We apply an electric field of 3V /cm across the crystal to allow the electrons and holes to drift to opposing electrodes, where they are subsequently measured with a charge amplifier. The energy deposited in the phonon system is measured by four Quasiparticle-assisted ElectrothermalFeedback Transition-Edge-Sensors (QETs) that are photolithographically patterned on the surface into independent quadrants [6, 7] . In the keV momentum transfer range WIMPs interact with atomic nuclei (referred to as nuclear-recoils), whereas the majority of backgrounds are due to electromagnetic interactions with the atomic electrons (referred to as electron-recoils). For a given amount of imparted energy, a recoiling nucleus travels a much smaller distance in the detector than a recoiling electron resulting in a larger local deposited energy density and suppressed electron-hole generation compared to a recoiling electron. The ratio of the ionization to phonon signals (referred to as ionization yield) permits the rejection of electron recoils [8] with an efficiency of better than 1 in 10 4 [5] . Events occurring within ∼ 10µm of the detector surfaces, have a diminished ionization response resulting in a degradation of the electron-recoil identification to 99.79%. The information in the time structure of the phonon pulse, however, can be used to identify events occurring near the surface versus those occurring in the bulk, and thus improve the surface electron rejection, resulting in an overall electron recoil rejection of better than 1 in 10 6 .
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Results of the CDMS II Nuclear Recoil Analysis
The data presented here is from a data set taken between July 2007 and September 2008. Due to their larger sensitivity to spin-independent WIMP scattering, only the 19 Ge detectors were included in this WIMP search analysis. The exposure used for this analysis totaled 612 kg-days, after removing periods of poor detector performance [9] . Signal candidates were defined as those events that pass the following criteria:
• A recoil energy between 10 keV and 100 keV in a single detector.
• Lie between 2σ of the mean ionization yield of nuclear recoils and more than 3σ away from the mean ionization yield of electron recoils.
• Have an ionization signal larger than 4.5σ of the noise level of the detector in which it occurred.
• Occur within a fiducial volume defined by the ionization electrodes.
• Have phonon timing characteristics of a nuclear recoil.
• No identifiable energy deposition in the rest of the detector array or in the scintillator shield.
• Satisfy all data quality criteria
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The determination of the above-mentioned cuts was done in a "blind" fashion in which the exact definition of the cuts were made based on an event set which excluded the signal region and its vicinity in parameter space. A sample of calibration events from a 252 Cf, 133 Ba sources as well as multiply-scattered events were used to determine the fraction of nuclear recoil events passing the signal cuts as well as the fraction of misidentified background events. For the total exposure of this analysis 0.8 ± 0.1(statistial) ± 0.2(systematic) events were expected to be misidentified as WIMP candidates. The cosmologically produced neutron rate was determined to be ∼ 0.1 events, which would be indistinguishable from a WIMP signal.
Two events were observed to pass all the signal selection cuts. The events occurred in different detectors and were separated in by several months. Their position in the normalized yield vs. timing parameter space is shown in Figure 2(a) . Based on the exposure and the background leakage estimates, the probability of observing two or more misidentified background events is 23%. In order to determine the "robustness" of the two observed events we varied the threshold of the timing cut between the strict and relaxed extremes. Tightening the timing cut such that the expected misidentified background events is reduced to 0.4 would also eliminate both observed events while reducing the WIMP exposure by 28%. Additional events would pass the cuts if it is relaxed such that the expected misidentified background events is increased to 1.7 events. This is indicate in Figure 2 (c) where the experimental and expected upper limits are calculated as a function of the the timing cut. It can be seen that over the range of cut values the observed limit does not exceed that the expected one by more than 15%.
The WIMP-nucleon spin-independent scattering cross section based on this analysis is constrained to be < 7.0×10 −44 cm 2 and is shown in Figure 2 (b). The cross section upper limit becomes < 3.8 × 10 −44 cm 2 when these results are considered in combination with the previous CDMS II data sets. An analysis of the data from the point of view of inelastic WIMP-nucleon scattering is presented in elsewhere in these proceedings (see Arrenberg et al).
The Electron Recoil Analysis
We also searched the low energy electron-recoil spectrum for evidence of a peak due to mono-energetic electron-recoil interactions within the detectors. An exposure of 443.2 kg-days is considered and the same signal selection criteria as described in the previous section were applied, with the exception of the yield and timing cuts. The observed background rate was ∼ 1.5 events/kg/day/keV with peaks at 6.54, 8.98, and 10.36 keV as shown in Figure 3(a) . The 3 peaks originate from the products of Ge interactions with cosmic rays (during detector production) and neutrons (during calibration periods) [10] . A profile likelihood analysis was performed to search for any excess signal above the background, with no statistically significant excess observed. The 90% confidence level (CL) upper limit on the total counting rate is shown in Figure 3(b) .
The electron-recoil data can also be used to search for evidence of conversion of axions originating in the sun into keV scale x-rays. The axion-photon coupling to the nuclear Coulomb field in the detectors converts axions into photons of the same energy (Primakov effect). The conversion probability is strongly correlated with the relative direction between the incident axions beam and the detector's crystal planes. This provides a temporally variable signature of the axion signal as the detector axes revolve with a period of 24 hours. The event rate, as a function of energy and the
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The Figure 2 : (a) Normalized ionization yield versus normalized timing parameter for events, in two detectors (T1Z5 and T3Z4), passing all signal selection cuts with the exception of the yield and timing cuts. The signal selection region is indicated by the solid red boxes and contain the two observed events [9] . (b) The observed 90% C.L. upper limit, at a WIMP mass of 70 GeV/c2, as a function of predicted misidentified surface event background. The squares show the limits that would have been observed for a given choice of timing cut value. The blue dashed lines mark the transitions at which additional background events would appear. The red curve represents the expected limit corresponding to value of the misidentified events. (c) 90% confidence upper limits and theoretical allowed regions for the WIMP-nucleon spin-independent cross section as a function of WIMP mass. The red (upper) solid line shows the limit obtained from this analysis and the solid black line shows the combined limit for the full CDMS II data sets. The dotted line indicates the expected sensitivity for this exposure based.
orientation of the crystal relative to the location of the Sun is given by Equation 3.1
where W is a detector energy resolution function, F( q) is the Fourier transform of the electric field
The CDMS II Experiment: Dark Matter results from the complete data set Tarek SAAB for the CDMS II Collaboration Figure 3 : (a) The measured low-energy spectrum and a background model which includes three Gaussian distribution functions describing the 10.36 keV line from 71 Ge (black), the 8.98 keV line from 65 Zn (blue) and the 6.54 keV line at the energy of 55 Mn (green). (b) 90% CL upper limit on the total rate in Ge from this analysis (black). The corresponding upper limit on the total counting rate in NaI under the assumption of a Z 2 scaling of the conversion cross section is shown (blue) for comparison [10] .
in the crystal, and dΦ a E a is the axion flux at Earth and is given by dΦ a E a = 6.02 × 10 14 cm 2 s keV g aγγ × 10 8
The orientation of the CDMS detector crystal plane was determined up to an uncertainty of 3 • for the azimuthal angle and < 1 • for the zenith angle [11] . For an assumed coupling of g aγγ = 10 −8 GeV −1 the time and energy dependent is shown in Figure 4 (a). A profile likelihood analysis (a) (b) Figure 4 : (a) Time and energy dependence of the expected solar axion conversion rate in a Ge detector for
The 95% C.L. upper limit on g aγγ from this analysis (red solid line) along with limits from other crystal search experiments (SOLAX and COSME black solid line) and DAMA (upper black dashed line) ) and Tokyo (magenta solid line) and CAST (blue solid line) helioscopes [11] .
was performed to determine the best fit value of g aγγ . The signal rate was determine to be consistent with zero and the 95% C.L. on g aγγ was determined to be g aγγ < 2.4 × 10 −9 GeV −1 as shown in Figure 4 (b).
The SuperCDMS Experiment
With the data collection portion of the CDMS II experiment at an end, the CDMS collaboration is proceeding with the construction and operation of the SuperCDMS experiment at Soudan. The primary improvements implemented in SuperCDMS are larger detectors: 1 inch thick crystals rather than 1 cm, and an improved sensor design which will enhance the ability of the detector to reject the primary source of misidentified events, namely surface electron-recoils. Increasing the thickness of the detector has the benefit of decreasing the surface electron-recoil background rate due to the reduced surface-to-volume ratio, as well as increasing the production yield, namely more mass per fabrication effort.
The improved sensor design includes two designs referred to as mZIP and iZIP. While the mZIP design is fundamentally similar to the CDMS II design the QET design was changed to increase sensitivity to the timing information in the phonon channel. The layout of the 4 channels was also changed from a quadrant design to one with 3 central channels and an out ring channel as shown in Figure 4 . The outer ring channel purpose to better identify event occurring near the outer edge of the detector where the the detector response is not as uniform as that in the central volume. The performance of this detector design was able to achieve a 0.3% surface electron-recoil misidentification rate with a 77.5% signal efficiency, which is better than the requirement needed to achieve the SuperCDMS goals [12] . The iZIP design departs significantly from the the CDMS II detector. The detector has 2 phonon sensors on each face of the detector. The sensors are semi-circular in shape and the diagonal edge of the sensors on one face is rotated by 90 • from the other face. This layout maintains the x-y (in the plane parallel to the detector faces) position sensitivity. The depth of an interaction (z-coordinate) is determined by timing and energy differences in the phonon sensors on the two faces. The ionization signal electrodes are interleaved with the phonon sensors on both faces of the detector with a positive voltage bias (+2V) applied to the electrodes on one side, a negative bias (-2V) applied to the opposite side, and the phonon sensors acting as ground. For events occurring in the bulk of the crystal, the electrons and holes travel to opposite faces of the detector and produce a symmetric signal on the two electrodes. The electrons and holes generated by events
PoS(IDM2010)010
The CDMS II Experiment: Dark Matter results from the complete data set Tarek SAAB for the CDMS II Collaboration occurring near the surface of the detector, however, travel to the charged and ground electrode on the same side of the detector producing a signal in only one ionization channel [13] . The sensor layout and electric field configuration is shown in Figure 4 performance of the detector in terms surface background misidentification is better than 1 in 3000 based on the yield discrimination alone while maintaining a 69% signal efficiency. Ionization signal asymmetry discrimination was better than 1 in 1000 with a 59% signal efficiency. Using timing information from the phonon channels only, a background misidentification of better than 1 in 3000 is achieved with a 20% loss of signal efficiency. Although it is unlikely that the 3 discrimination methods are uncorrelated, the performance of the iZIP detector easily meets the requirements of the SuperCDMS experiment.
Conclusion
The completion of the CDMS II data acquisition phase and the beginning of the SuperCDMS experiment are two major milestones in the evolution of the direct detection experiment. With the demonstrated progress of 1 inch iZIP detectors we expect this experiment to continue producing timely and interesting results in the field of dark matter direct detection.
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